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Power transfer device for four-wheel! drive.

@ In combination with a power transmission, a power
transfer device comprises a first shaft (20} rotatably mounted
within a housing (90) and having an input end for connection
to an output shaft of the transmission and an output end for
drive connection to a pair of rear-wheel axles, a second shaft
(40) rotatably mounted within the housing in parallel with the
first shaft for drive connection to a pair of front-wheel axles,
a drive gear (30) rotatably mounted on the -first shaft and
connectable to the first shaft, a driven gear (32) rotatably
mounted on the second shaft and connectable to the second
shaft, the driven gear being drivingly connected to the drive
gear, and a pair of sleeves (72, 73) each mounted on the first
and second shafts and shiftable between a first position {l)
where both the clutch sleeves are retained to connect the
drive and driven gears to the first and second shafts and a
second position {ll) where both the clutch sleeves are
retained to disconnect the drive and driven gears from the
first and second shafts, whereby both the drive and driven
gears are stilled when two wheel drive is selected at the
transfer device.
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POWER TRANSFER DEVICE FOR FOUR-WHEEL DRIVE

The present invention relates to a power
transfer device adapted for use in combination with a.
power transmission for a four-wheel drive vehicle to
selectively transfer output drive torgque from the power
transmission to a pair of front-wheel axles and/or a pair
of rear-wheel axles, and more particularly to a power
transfer device capable of selectively providing either a
low speed four-wheel drive, a high speed four-wheel drive

or a high speed two-wheel drive.

In Japanese Utility Model Early Publication No.

53-121642, there has been proposed a power transfer
device of this kind which comprises a first shaft : '
rotatably mounted within a housing and having an input

end for connection to an output shaft of a power

transmission and an output end for drive connection to a

pair of rear-wheel or front-wheel axles, a second shaft

rotatably mounted within the housing in parallel with the

first shaft for drive connection to a pair of front-wheel



10

i5

20

25

, 0197665
or rear-wheel axles, a drive gear mounted on the first
shaft, and a driven gear mounted on the second shaft and
drivingly connected to the drive gear. 1In such a
conventional power transfer device, the drive gear is
rotatably mounted on the first shaft and connectable to
the first shaft by means of a changeover mechanism such
as a clutch in the transfer device, while the driven gear
is fixedly mounted on the second shaft for rotation
therewith. Alternatively, the drive gear is fixedly
mounted on the first shaft for rotation therewith, while
the driven gear is rotatably mounted on the second shaft
and connectable to the second shaft by means of a
changeover mechanism such as a clutch in the transfer

device.

To select two-wheel drive at the power transfer
device, the changeover mechanism is conditioned to
disconnect the drive gear from the first shaft or the
driven gear from the second shaft. During travel of the
vehicle in such a two-wheel drive mode, the non-driven
wheels act to drive the drive line components between the
non-driven wheels and the changeover mechanism in the
transfer device. This causes various problems such as
temperature-rise of lubricating oil in the transfer
device, wear of the components, power consumption,
unpleasant gear noises and the like. Although such

problems can be solved by the use of manual or automatic
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hub locks at each non-driven wheel to disconnect the

wheel from its associated split axle part when the
two-wheel drive is selected at the transfer device, the
hub locks are either inconvenience to operate or
expensive and complicated. Additionally, if the driver

forgets to unlock the manual hub locks in the two-wheel

drive mode of the vehicle, the forgoing problems may not’

be avoided.

It is, therefore, a primary object of the
present invention to provide an improved power transfer
device wherein both the drive and driven gears on the
first and second shafts can be stilled when the vehicle

is in the two-wheel drive mode.

Another object of the present invention is to
provide an improved power transfer device capable of -
preventing temperature-rise of lubricating oil in the

transfer device during high speed travel of the vehicle

in the two-wheel drive mode and capable of reducing wear

of the components and power consumption.

According to the present invention, the

foregoing objects are accomplished by providing a power

transfer device adapted for use in combination with a
power transmission for an automotive vehicle, which

transfer device comprises a housing, a first shaft
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rotatably mounted within the housing and having an input
end for connection to an output shaft of the power
transmission and an output end for drivs connection to a
pair of rear-wheel or front-wheel axles, a second shaft
rotatably mounted within the housing in parallel with the
first shaft and having an output end for drive connection
to a pair of front-wheel or rear-wheel axles, a drive
gear rotatably mounted on the first shaft and connectable
to the first shaft, a driven gear rotatably mounted on
the second shaft and connectable to the second shaft, the
driven gear being drivingly connected to the drive gear,
and a changeover mechanism including a pair of clutch
sleeves each mounted on the first and second shafts and
shiftable between a first position where both the clutch
sleeves are retained to connect the drive and driven
gears to the first and second shafts respectively and a
second position where both the clutch sleeves are
retained to disconnect the drive and driven gears from

the first and second shafts respectively.

In the actual practice of the present invention,
the power transfer device comprises a housing, an input
shaft rotatably mounted within the housing for connection
to an output shaft of the power transmission, a first
output shaft rotatably mounted within the housing
coaxially with the input shaft, the first output shaft

having an inner end rotatably coupled within the input
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shaft and an output end for drive connection to a pair of

rear-wheel or front-wheel axles, a second output shaft
rotatably mounted within the housing in parallel with the
first output shaft and having an output end for drive
connection to a pair of front-wheel or rear-wheel axles,
a drive gear rotatably mounted on thé first output shaft
and connectable to the first output shaft, and a driven
gear rotatably mounted on the second output shaft and
connectable to the second output shaft, the driven gear
being drivingly connected to the drive gear. The power
transfer device further comprises a change-speed
mechanism mounted on the input shaft and having an input
element connected with the input shaft and an output
element for providing a low speed drive power train, a
first changeover mechanism including a clutch sleeve ;
mounted on the first output shaft between the
change—speéd mechanism and the drive gear and shiftable

between a first position where the clutch sleeve is

retained to directly connect the input shaft to the first
output shaft and a second position where the clutch
sleeve is retained to connect the output element of the
change-speed mechanism to the first output shaft, and a
second changeover mechanism including a pair of second

clutch sleeves each mounted on the first and second

output shafts and shiftable between a first position
where both the second clutch sleeves are retained to

connect the drive and driven gears to the first and
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second output shafts respectively and a second position

where both the second clutch sleeves are retained to
disconnect the drive and driven gears frcm the first and
second output shafts respectively.

For a better understanding of the present
invention, and to show how the same may be carried into
effect, reference will now be made, by way of example, to
the accompanying drawings, in which:

Fig. 1 is a full sectional view of a power
transfer device in accordance with the present invention;
and

Fig. 2 illustrates a shift pattern of a manually

operated transfer lever adapted to the transfer device.

In Fig. 1 of the drawing, there is illustrated a
power transfer device for part-time four wheel drive in
accordance with the present invention, which transfer
device includes, as main components, an input shaft 10, a
first output shaft 20, a drive sprocket 30, a drive chain
31, a driven sprocket 32, a second output shaft 40, a
planetary gear unit 50, a first changeover mechanism 60,
and a second changeover mechanism 70. The input shaft 10
has an internally splined portion 10a for connection to
an output shaft of a power transmission (not shown) for
an automotive vehicle and has an externally splined
portion 10b for mounting the planetary gear unit 50

thereon. The input shaft 10 is rotatably mounted on
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a left-hand side wall of a transfer housing 90 through a

needle bearing 81, a carrier 54 of the planetary gear
unit 50 and a ball bearing 82. An oil pump 11 is mounted
on the outer end portion of input shaft 10 to supply
lubricating oil to bearing portions and intermeshed

portions in the transfer device.

The first output shaft 20 has an externally
splined hub portion 20a and a journal portion 20b and is
arranged coaxially with the input shaft 10 for drive
connection to a pair of rear-wheel axles (not shown).

The first output shaft 20 is rotatably mounted on a
right-hand side wall of the transfer housing 90 through a
ball bearing 83 and has an inner end portion coupled
within the inner end portion of input shaft 10 through a
needle bearing 84 for relative rotation. A drive gear 21
for a speedometer is fixedly mounted on the outer end
portion of the first output shaft 20. The drive sprocket
30 is rotatably mounted on the journal portion 20b of
first output shaft 20 through a needle bearing 85 and is
drivingly connected to the driven sprocket 32 by means of
the drive chain 31. The driven sprocket 32 is rotatably
mounted on a journal portion 40a of the second ouput
shaft 40 through a needle bearing 86. The second output
shaft 40 is arranged in parallel with the input and
output shafts 10 and 20 and rotatably supported by a pair

of axially spaced ball bearings 87 and 88 mounted within
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the transfer housing 90. The second output shaft 40 has

an externally splined portion 40b for drive connection to

a pair of front-wheel axles.

The planetary gear unit 50 is adapted as a
change-speed mechanism for the transfer device which
comprises a sun gear 51 mounted in place on the
externally splined portion 10b of input shaft 10 for
rotation therewith, a stationary ring gear 52 arranged
concentrically with the sun gear 51 and splined to an
internal cylindrical wall of housing 90, and a plurality
of planetary gears 53 rotatably supported by the carrier
54 and in mesh with the sun gear 51 and the ring gear 52.
An annular gear plate 55 is fixed to the right end of
carrier 54 for rotation therewith and is formed with
internal spline teeth 55a which are arranged to be
engaged with external spline teeth 62a of an internally
splined clutch sleeve 62. When the clutch sleeve 62 is
axially moved to engage the internal spline teeth 55a of
gear plate 55 at its external spline teeth 62a, the
planetary gear unit 50 acts to transfer drive torque from
the input shaft 10 to the first output shaft 20

therethrough at a predetermined reduction speed ratio.

The first changeover mechanism 60 includes a
first shift fork 61 which is coupled with the clutch

sleeve 62. The shift fork 61 is operatively connected to
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a single transfer lever ?ngt-shown) which is arranged in
the vehicle compartment to be shifted by the driver. 1In
Fig. 2 fhere is illustrated a shift pattern of the
transfer lever, wherein the characters L4 and H4 each
indicate low and high speed positions for four wheel

drive, and the character H., indicates a high speed

2
position for two wheel drive. The transfer lever is
selectively retained in the respective speed positions
L4, H4 and H2 by means of a detent mechanism (not shown)
mounted within thertransferldevice. When the transfer

lever is retained in the high speed position H, for

4
four-wheel drive, the shift fork 61 is positioned to

retain the clutch sleeve 62 in a first position I. When
the transfer lever is shifted from the high speed
position H4 to the low speed position L4 for fqurjwheel
drive, the shift fork 61 is shifted to retain the clutch

sleeve 62 in a second position II.

The clutch sleeve 62 has internal spline teeth
62b axially slidably engaged with the externally splined
portion 10b of input shaft 10 and the externally splined
hub portion 20a of first output shaft 20. When retained
in the first position I, the clutch sleeve 62 is
disengaged from the internal spline teeth 55a of gear
plate 55 and is in engagement with the external splined
portion 10b of input shaft 10 to effect direct connection

between the input and output shafts 10 and 20. When



10

15

20

25

0197665

- 10 -
shifted to the second position II, the clutch sleeve 62

is disengaged from the externally splined portion 10b of
input shaft 10 and engaged with the interna’ spline teeth
55a of gear plate 55 at its external spline teeth 62a to
drivingly connect the input shaft 10 to the first output

shaft 20 through the planetary gear unit 50.

The second changeover mechanism 70 includes a
second shift fork 71 which is coupled at the opposite
ends thereof with a pair of internally splined clutch
sleeves 72 and 73. The second shift fork 71 is carried
at its base portion on a spring loaded slide rod 7la
which is axially slidably mounted within the housing 90.
The second shift fork 71 is operatively connected to the
transfer lever to be moved as described below. When the
transfer lever is retained in the high speed position H4
for four-wheel drive, the second shift fork 71 is
positioned to retain both the clutch sleeves 72 and 73 in
their first positions I. When the transfer lever is
shifted from the high speed position H4 to the high speed

position H, for two-wheel drive, the second shift fork 71

2
is shifted to retain both the clutch sleeves 72 and 73 in

their second positions II.

The clutch sleeve 72 has internal spline teeth
72a axially slidably engaged with the externally splined

hub portion 20a of first output shaft 20 to be brought
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into engagement with external spline teeth 30a formed on

the left end hub portion of drive sprocket 30. When S
retained in the first position I, the clutch sleeve 72 is ¥
in engagement with the external spline teeth 30a of drive
sprocket 30 to rotate the drive sprocket 30 with the
first output shaft 20. When shifted to and retained in
the second position II, the clutch sleeve 72 is
disengaged from the external spline teeth 30a of drive
sprocket 30 to disconnect the drive sprocket 30 from the
first output shaft 20. Similar to the clutch sleeve 72, .
the clutch sleeve 73 has internal spline teeth 73a
axially slidably engaged with external spline teeth of a
hub member 41 to be brought into engagement with external
spline teeth 32a formed on the left end hub portion of
driven sprocket 32. The hub member 41 is splined to the
second output shaft 40 for rotation therewith. When
retained in the first position I, the clutch sleeve 73 is
in engagement with the external spline teeth 32a of
driven sprocket 32 to rotate the driven sprocket 32 with
the second output shaft 40. When shifted to and retained
in the second position II, the clutch sleeve 73 is
disengaged from the external spline teeth 32a of driven
sprocket 32 to disconnect the driven sprocket 32 from the

second output shaft 40.

In this embodiment, the clutch sleeve 73 is

provided with a well known synchronizer mechanism which
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includes a synchronizer ring 74 rotatably and axially

slidably mounted on a conical portion 32b of driven
sprocket 32, a pluraiity of circumferentizllv spaced
strut keys 75 mounted on the hub member 41 for engagement
with the clutch sleeve 73, and a pair of annular springs
76 in engagement with the strut keys 75. 1In shifting
operation of the second shift fork 71 from the second
position II to the first position I, the synchronizer
mechanism acts to effect synchronous connection between
the driven sprocket 32 and the second output shaft 40
prior to engagement of the clutch sleeve 72 with the

external spline teeth 30a of drive sprocket 30.

Hereinafter, operation of the power transfer
device will be described with reference to Figs. i and 2.
Assuming that the transfer lever is retained in the high
speed position H, for four-wheel drive, the clutch sleeve
62 is retained by the first shift fork 61 in the first
position I, while both the clutch sleeves 72 and 73 are
retained by the second shift fork 71 in their first
positions I. In this condition, the clutch sleeve 62
acts to effect direct connection between the input and
output shafts 10 and 20, while the clutch sleeves 72 and
73 each act to connect the drive sprocket 30 to the first
output shaft 20 and to connect the driven sprocket 32 to
the second output shaft 40. Thus, the first output shaft

20 is drivingly connected to the second output shaft 40
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through the drive chain 31 to transfer the output drive

torque from the power transmission to the front and rear
wheel axles therethrough thereby to provide a high Spéed

four-wheel drive.

When the transfer lever is shifted from the high

speed position H4 to the high speed position H, for

2
two-wheel drive, the second shift fork 71 is moved to
shift both the clutch sleeves 72 and 73 to their second
positions II and retain them in blace. In such a
condition, the clutch sleeve 72 is disengaged from the
external spline teeth 30a of drive sprocket 30 to permit
free rotation of the first output shaft 20 withArespect
to the drive sprocket 30, and thelclutch sleeve 73 is
disengaged from the external spline teeth 32a of drivea
sprocket 32 to permit free rotation of the second output
shaft 40 with respect to the driven sprocket 32. Thué,’
the first output shaft 20 is disconnected from the second
output shaft 40 to drive only the rear-wheel axles
thereby to provide arhigh speed two-wheel drive. When
the transfer lever is shifted from the high speed

position H4 to the low speed postion L, for four-wheel

4
drive, the first shift fork 61 is moved to shift the
clutch sleeve 62 to the second position II and retain it
in place. In this condition, the clutch sleeve 62 is

disengaged from the externally splined portion 10b of

input shaft 10 and engaged with the internal spline teeth
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55a of gear plate 55 at its external spline teeth 62a to

rotate the first output shaft 20 with the gear plate 55.
Thus, the planetary gear unit 50 acts to transfer the
output drive torque from the input shaft 10 to the first
output shaft 20 therethrough at the predetermined
reduction speed ratio thereby to provide a low speed

four-wheel drive.

From the above description, it will be
understood that during travel of the vehicle in the high
speed two-wheel drive mode, both the clutch sleeves 72
and 73 are retained in their second positions II to
disconnect the drive and driven sprockets 30 and 32 from
the first and second output shafts 20 and 40,
respectively. This is effective to still both the drive
and driven sprockets 30 and 32 on the respective output
shafts 20 and 40 so as to prevent back drive to the chain
and sprocket assembly 30, 31 and 32 when the vehicle is
in the high speed two-wheel drive mode. It is,
therefore, able to reduce wear and power consumption
caused by rotation of the chain and sprocket assembly
during high speed travel of the vehicle in the two-wheel
drive mode. Furthermore, in the power transfer device,
only the clutch sleeve 62 is shifted to selectively
provide the high speed four-wheel drive or the low speed
four-wheel drive, and the clutch sleeves 72, 73 are

shifted only to selectively provide the high speed
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four-wheel drive or the high speed two-wheel drive. This
means that the second position II of clutch sleeve 62 is
commonly utilized with the second position II of clutch
sleeve 72 to minimize the axial space for movements of

the clutch sleeves 62 and 72.

Although in the above embodiment, the present
invention has been adapted to a power transfer device of
the type in which the drive chain 31 is adapted to
drivingly connect the drive sprocket 30 to the driven
sprocket 32, the invention may be adapted to a power'
transfer device of the type in which an intermediate gear
is arranged to drivingly connect the drive and driven
sprockets 30 and 32 to each other. Furthermoré, the
synchronizer mechanism between the driven sprocket 3. &and
the second output shaft 40 may be substituted for a
sychronizer mechanism between the drive sprocket 30 and

the first output shaft 20.
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CLAIMS:

1. A power transfer device adapted for use in
combination with a power transmission for an automotive
éehicle, comprising:

a housing;

a first shaft rotatably mounted within said
housing and having an input end for connection to an
output shaft of said power transmission and an output end
for drive connection to a pair of rear-wheel or
front-wheel axles of the vehicle;

a second shaft rotatably mounted within said
housing in parallel with said first shaft and having an
output end for drive connection to a pair of front-wheel
or rear-wheel axles of ;he vehicle;

a drive gear rotatably mounted on said first
shaft and connectable to said first shaft;

a driven gear rotatably mounted on said second
shaft and connectable to said second shaft, said driven
gear being drivingly connected to said drive gear; and

a changeover mechanism including a pair of
clutch sleeves each mounted on said first and second
shafts and shiftable between a first position where both
said clutch sleeves are retained to connect said drive
and driven gears to said first and second shafts
respectively and a second position where both said clutch

sleeves are retained to disconnect said drive and driven
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gears from said first and second shafts respectively.

2. A power transfer device as claimed in Claim 1,
further comprising a synchronizer mechanism arranged to
effect synchronous connection between said driven gea;
and said second shaft in shifting operation of said |

clutch sleeve on said second shaft toward the first

position from the second position.

3. A power transfer device adapted for use in
combination with a power transmission for an automotive
vehicle, comprising:

a housing;

an input shaft rotatably mounted within said
housing for connection to an output shaft of said rower
transmission;

a first output shaft rotatably mounted within
said housing coaxially with said input shaft, said first
output shaft having an inner end rotatably coupled within
said input shaft and having an output end for drive
connection to a pair of rear-wheel or front-wheel axles;

a second output shaft rotatably mounted within
said housing in parallel with said first output shaft and
having an output end for drive connection to a pair of
front-wheel or rear-wheel axles;

a drive member rotatably mounted on said first

output shaft and connectable to said first output shaft;
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a driven member rotatably mounted on said second
output shaft and connectable to said second output shaft,
said driven member being drivingly connected to said
drive member;

a change-speed mechanism mounted on said input
shaft and having an input element connected with said
input shaft and an output element for providing a low
speed drive power train;

a first changeover mechanism including a clutch
sleeve mounted on said first output shaft between said
change~-speed mechanism and said drive member and
shiftable between a first position wherein said clutch
sleeve is retained to directly connect the input shaft to
said first output shaft and a second position where said
clutch sleeve is retained to connect the output element
of said change-speed mechanism to said first output
shaft; and

a second changeover mechanism including a pair
of second clutch sleeves each mounted on said first and
second output shafts and arranged adjacent said drive and
driven members, said second clutch sleeves being
shiftable between a first position where both said second
clutch sleeves are retained to connect said drive and
driven members to said first and second output shafts
respectively and a second position where both said second
clutch sleeves are retained to disconnect said drive and
driven members from said first and second output shafts

respectively.
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4. A power transfer device as claimed in Claim 3,

wherein said change-speed mechanism is in the form of a
planetary gear unit mounted on said input shaft and
having an input element connected with said input shaft
and an output element for providing a low speed drive
power train, and wherein said clutch sleeve of said first
changeover mechanism is retained in the first position to
directly connect said input shaft to said first output
shaft and retained in the second position to disconnect
said input shaft from said first output shaft and connect
the output element of said planetary gear unit to said

first output shaft.

5. A power transfer device as claimed in Claim 4,
wherein said planetary gear unit includes. a sun gear
mounted on said input shaft for rotation therewith, a
stationary ring gear arranged céncentrically with said
sun gear, a carrier rotatably mounted on said input
shaft, a planetary gear rotatably supported by said
carrier and in mesh with said sun gear and said ring
gear, and a side gear plate fixed to one end of said
carrier for rotation therewith, and wherein said clutch
sleeve of said first changeover mechanism is retained in
the first position to directly connect said input shaft
to said first output shaft and retained in the second
position to disconnect said input shaft from said first
output shaft and connect said side gear plate to said

first output shaft.
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6. A power transfer device as claimed in Claim 3,

ﬁhereinrsaid drive member is a drive sprocket rotatable
on said first output shaft, and said driven member is a
driven sprocket rotatable on said second output shaft and
being drivingly cannected to said drive sprocket by means

of a drive chain.

7. A power transfer device as claimed in Claim 3,
further comprising a synchronizer mechanism arranged to
effect synchronous connection between said driven member

and said second output shaft in shifting operation of

said second clutch sleeve on said second output shaft

toward the first position from the second position.
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